Introduction
============

Emotionally arousing events are better remembered than neutral ones (Dolan, [@B11]; LaBar and Cabeza, [@B31]; McGaugh, [@B35]). If someone is asked about what they were doing when they found out about the death of a loved relative, everyone remembers about the central fact (the notice), but also whom they were with, where, and what were they doing in that moment. Such clear evidence, from the everyday experience, demonstrates the effect of emotion over memory. Both the content of the information and the context in which the information is embedded enhance memory formation (LaBar and Cabeza, [@B31]; Barrett et al., [@B2]; Pastor et al., [@B38]). Controlled experiments in laboratory settings reinforce this idea and allow studying the mechanisms and neural structures involved in this phenomenon.

Functional neuroimaging and electroencephalographic (EEG) recordings during the encoding of the stimuli have revealed some brain structures and mechanisms that are critical for the episodic memory formation. Although some evidence do not agree, the consensus is that during the encoding of episodic memories the activity of left hemisphere is increased, especially at the medial temporal lobe, the parietal lobe, and the prefrontal cortex (Sederberg et al., [@B40], [@B41]; Osipova et al., [@B37]).

Consistent evidence demonstrate that EEG theta and gamma oscillations are increased during the encoding of stimuli that will be remembered, if compared to stimuli that will be forgotten (Sederberg et al., [@B40]; Axmacher et al., [@B1]; Osipova et al., [@B37]; Guderian et al., [@B19]; Duzel et al., [@B12]; Jutras and Buffalo, [@B22]). This is the so called subsequent memory effect. Alpha oscillations have been studied also, however, there is less consensus about their role during memory encoding (Klimesch, [@B23], [@B24]; Klimesch et al., [@B27], [@B30]). The evoked and induced activities measured by the event-related potentials technique have shown even less agreement about the time windows and the source of the activity (Hillyard and Anllo-Vento, [@B21]; Vogel and Luck, [@B44]; Herrmann and Knight, [@B20]; Schupp et al., [@B39]). Nevertheless, methodological variances such as the kind of stimuli, the tasks used, and the type of measures extracted from the raw data might account for such divergence (Klimesch et al., [@B27]; Herrmann and Knight, [@B20]).

Some studies explored the effect of emotion over encoding and demonstrated a privileged access to neural processing resources that could lead to better memory formation (Bradley et al., [@B6]; Foti et al., [@B13]; Weinberg and Hajcak, [@B45]). They focused on the effect of the emotional content of visual stimuli, and found that the evoked and induced activities are modulated by the characteristics of the pictures. In one study, the effect of the emotional context over the processing of visual stimuli was assessed by the event-related potentials (ERP) technique (Pastor et al., [@B38]). They found that neutral stimuli induced higher late positive potentials (400--700 ms) when presented within an emotional context when compared to a mixed context. However, in this study the emotional context was created by the same visual stimuli when they were presented in blocks of stimuli with the same emotional valence. Nevertheless, this study did not test if the context exerted any effect over memory formation (subsequent memory effect). Moreover, the analyses applied in the above mentioned studies explored the effects of emotion using only time-domain techniques. Meanwhile, time--frequency decompositions might better describe these effects.

Our group has extensively used an emotional memory test (Cahill and McGaugh, [@B9]) in which visual and auditory information is delivered simultaneously (Frank and Tomaz, [@B14]; Gasbarri et al., [@B17], [@B16]; Uribe et al., [@B43]). With this methodology we demonstrated that the emotional content enhances the episodic memory formation. However, the contribution of visual and auditory information in the memory facilitation could not be differentiated. In the present study we modified this methodology in order to explore the processing of visual information within the emotional context created by the narrative (Gasbarri et al., [@B16]). For this purpose we employed EEG recordings during the presentation of an emotional memory test in which the narrative preceded, and was not concomitant with, the visual stimuli presentation. We analyzed the brain activity related to visual stimuli processing through time-domain and frequency-domain methods.

We hypothesize that the auditory emotional context will enhance the episodic memory for the visual stimuli. This enhancement will be achieved through mechanisms similar to those present in the processing of stimuli with emotional content. Additionally, we hypothesize that oscillatory activity measured by time--frequency decompositions will be better suited to analyze the brain activity related to encoding of stimuli.

Methodology
===========

Subjects
--------

Twenty-five right-handed volunteers \[age 23.3 (SEM=0.9); 12 female\] were recruited through announcement in the campus. None had antecedents of neurologic or psychiatric illnesses, concomitant use of medications or acoustic impair. Beck Depression Inventory and Beck Anxiety Inventory were applied to each volunteer. Scores of every volunteer were within the range expected in the normal Brazilian population (Gorenstein and Andrade, [@B18]) and none met the exclusion criteria. Written informed consent was obtained from each volunteer prior to any procedure. They did not receive money or other incentive for their participation. Volunteers were naïve about the aims of the study; however, at the end of the procedure, researchers explained to them the real objectives of the study. The experimental protocol was approved by institutional ethics committee.

Emotional memory test
---------------------

A series of 11 slides accompanied by a narration were used as stimuli. Slide consisted in the same material used by Frank and Tomaz ([@B14]). Two different narrations could accompany these slides, both of them narrated by the same person with an unemotional voice and with a similar grammatical construction in both versions. The narrative is the same for both versions during the first four slides (Phase 1) and differs between versions during the remaining seven slides (Phase 2 and 3). The second part of the narrative (Phase 2 and 3) has emotionally neutral content in the Neutral (N) version and emotionally arousing content in the Emotional (E) version. A detailed description of the test could be found in Frank and Tomaz ([@B14]). Narratives were delivered through headphones. In order to avoid concurrent processing of visual and audio information, narratives were delivered during the fixation cross images between the slides. Because an ERP study requires a minimal number of trials, each slide was presented twice (Figure [1](#F1){ref-type="fig"}). After the slide presentation, subjects were asked to score the story using the Self Assessment Manikin (SAM; Bradley and Lang, [@B7]), for both valence and arousal dimensions. One week later, the volunteers returned and performed a retrieval task in which they had to write down all the information they could remember about the slides and the narrative presented during the past session.

![**Schematic representation of the experimental procedure**. **(A)** Slide presentation sequence. Narrative was not concomitant with the slide presentation and preceded the image of the scene it describes. As shown, each slide was presented twice. **(B)** Auditory and visual material. Images were the same for both versions of the test and were grouped in three phases. The narrative that accompanied the Phase 2 was different for each version.](fnbeh-05-00035-g001){#F1}

EEG recordings
--------------

EEG data were recorded using a NeuronSpectrum 4EP system (Neurosoft, Russia) at a sampling rate of 1000 Hz and with a 0.5--75 Hz band-pass filter. Twenty-one scalp electrodes (10--20 system) referenced to linked mastoids recorded the cortical activity of each volunteer. Each local of the electrodes was cleaned and prepared by gently rubbing with an abrasive gel (Nuprep, Weaver and Company, USA). A conductive paste (Ten20, Weaver and Company, USA) fixed the electrodes and maintained all the impedances below 5 kΩ during the whole session.

Procedure
---------

Volunteers were received in the recording room. They read and signed the written informed consent and responded to a brief interview before responding to the two inventories. Slides were presented in a 17′ flat screen at approximately 60 cm from the subject. They sat comfortably in front of the screen while the electrodes and the headphones were installed. The researcher asked to stay as quite as possible in order to avoid artifacts and to attend to both slides and narrative as they attend to a TV show. After the slide presentation, volunteers responded to the SAM and left the room. One week after, they returned to perform the retrieval task. Luminance, audio volume and instructions were kept constant.

Data processing
---------------

All data processing and analyses were performed using EEGLAB v9.0.0.0b a freely available open source toolbox (<http://sccn.ucsd.edu/eeglab/>) suited for EEG data management under Matlab^®^ or Octave platform (Delorme and Makeig, [@B10]; Makeig et al., [@B33]).

ICA decomposition
-----------------

Standard channel coordinates of the BEM dipfit model were used for all the electrodes. ICA decomposition was performed using the Infomax (*runica*) algorithm (Bell and Sejnowski, [@B4]). Both Rest (Phase 1) and Test (Phase 2) periods were submitted to the same analysis as concatenated datasets. EEG recordings were decomposed in 21 independent components (IC). Eye blink and saccadic movements (from the Test period) were always represented by two or three IC which were selected and eliminated in both rest and test datasets. The back-projection of the remaining IC resulted in the "clean datasets" used for all the analyses.

Evoked potentials (EP) and evoked spectral perturbations (ESP)
--------------------------------------------------------------

In some cases, differences in the mean average evoked activity (time domain) were not found, while differences in oscillatory activity (frequency domain) appeared (Klimesch et al., [@B27]; Makeig et al., [@B33]; Osipova et al., [@B37]).

Events were recorded in a separate channel during the Test period and then extracted to set the time 0 for each epoch. Mean baseline (−1000 to 0 ms) was subtracted from each epoch. Several methods to reject bad epochs were applied to the 21 channels. All epochs with extreme values (higher than \|75\| μV), abnormal trend (slope higher than 50 μV/epoch and *R*^2^ higher than 0.3), improbable data (data beyond 4 SD in a single channel or all channels), abnormal data distribution (any epoch with data distribution beyond 5 SD) or abnormal spectrum (higher than \|25\| dB in the 0--2 Hz range) were automatically rejected. The remaining epochs were used in the EP and ESP analyses. EP grand-average was calculated for each volunteer. ESP images were computed based on 10 trials of 3000 frames using three cycles at the lowest frequency and 250 cycles at the highest. Frequency resolution was set to 100 log spaced points from 3 to 500 Hz.

Statistical analyses
--------------------

Electrophysiology and neuroimaging studies use the subsequent memory effect to point out which measures can be associated with encoding success (Sederberg et al., [@B40]; Osipova et al., [@B37]; Jutras and Buffalo, [@B22]; Nyhus and Curran, [@B36]). This can be done by comparing the brain activity at the encoding of an item that is successfully retrieved or recognized in a later session against the activity at the encoding of an item that is not retrieved/recognized. On the other hand, we classified the items based on the context they were embedded as previous studies did (Cahill and McGaugh, [@B9]; Frank and Tomaz, [@B14]; Gasbarri et al., [@B17]; Uribe et al., [@B43]).

Despite the present work did not select the items based on individual retrieval, the methodology is compatible with the subsequent memory effect.

Independent-samples t-tests compared age, arousal, and valence between groups. Retrieval scores were divided according to the phase the information belongs to. These scores were analyzed by a mixed design ANOVA with the factors Group (Neutral or Emotional; between-subjects) and Phase (1 and 2; within-subjects). *Post hoc* analyses were performed with independent-samples t-tests. Significance level for multiple comparisons was adjusted with Bonferroni method. Analyses of the EEG data (EP and ESP) were performed with the parametric statistical tools provided by the EEGLAB platform. Only data from Phase 1 and Phase 2 were considered, because they best represent baseline and experimental conditions. Results are expressed as mean (SEM).

Results
=======

Behavioral data
---------------

Mean age were not different between the Emotional (E) and Neutral (N) groups \[21.7 (0.7) and 24.8 (1.6) respectively; *p* = 0.062\]. As expected, the mean valence score was lower and the mean arousal score was higher in the E group. Total retrieval, as well as Phase 1 and Phase 3 retrieval, was not different between groups. However, mean score of Phase 2 retrieval was higher in the E group (Table [1](#T1){ref-type="table"}).

###### 

**Mean (SEM) scores of behavioral data for each group**.

                  Neutral      Emotional    *p*-value
  --------------- ------------ ------------ -----------
  Valence         5.2 (0.4)    2.3 (0.4)    \<0.001
  Arousal         2.8 (0.8)    5 (0.9)      0.041
  **RETRIEVAL**                             
  Total           15.2 (2.1)   12.6 (0.9)   0.138
  Phase 1         4.7 (0.6)    4.8 (0.6)    0.853
  Phase 2         2.5 (0.5)    6.2 (0.5)    \<0.001
  Phase 3         4.3 (0.7)    3.8 (0.7)    0.303

Evoked potentials
-----------------

Grand-average potential related to Phase 2 slides differed between groups around 120 ms (from 80 to 140 ms) after the stimuli onset (Figure [2](#F2){ref-type="fig"}A). The anterior (frontal and central) electrodes registered a more negative potential in the E group during this time interval (Figure [2](#F2){ref-type="fig"}B). There were some spurious differences between groups at later times but they were not sustained over time and lasted no more than 10 ms.

![**Evoked potentials grand-averages**. **(A)** Phase 2 grand-averages for E and N groups. Black blocks at bottom represent the time intervals where significant differences appeared. Low-pass filter of 20 Hz. (**B)** Topographical representation of activity for each group in both phases at the 120--140 ms time window. Red dots represent electrode locations where significant differences appeared.](fnbeh-05-00035-g002){#F2}

Oscillatory activity -- event-related spectral perturbations
------------------------------------------------------------

### Theta band (4--7 Hz)

Prefrontal (Fp1, Fpz, Fp2), frontal (F7, F3, Fz, F4, F8), central (C3, Cz, C4), and left parietal (P3, Pz) electrodes showed higher theta-band power in the E group than in the N group at the onset of the Phase 2 slides. In some cases, such differences were present even before the stimuli onset (−50 ms). Theta-band power remained higher after 300 ms from the stimuli onset in prefrontal, left frontal, left central, and midline parietal electrodes (Figure [3](#F3){ref-type="fig"}).

![**Evoked spectral perturbations in theta band**. Activity recorded from Fz and C3 during Phase 2 stimuli presentation.](fnbeh-05-00035-g003){#F3}

### Alpha band (7--13 Hz)

Power within 10--12 Hz was higher in the E group than in the N group at right parietal (P4) scalp location from −50 ms to 400 ms after the Phase 2 stimuli onset (Figure [4](#F4){ref-type="fig"}). This differential activity was not stationary and showed some changes. At higher latencies, the frequency where such differential activity appeared was faster.

![**Evoked spectral perturbations in alpha band**. Activity recorded from P4 during Phase 2 stimuli presentation.](fnbeh-05-00035-g004){#F4}

### Gamma band (30--50 Hz)

Since this frequency band is wide, we decided to split it in Gamma1 (≤40 Hz) and Gamma2 (\>40 Hz) in order to facilitate the description and discussion of the results. Gamma1 showed higher activity in the N group from −50 to 400 ms after the Phase 2 stimuli onset in the T6 location (Figure [5](#F5){ref-type="fig"}). Around 300 ms left prefrontal (Fp1), right central (C4), left temporal (T3), and occipital locations (O1, Oz, and O2) showed increased activity in the N group too. In T3 and C4 (Figure [5](#F5){ref-type="fig"}), such activity was sustained until 500 ms after the stimuli onset.

![**Evoked spectral perturbations in gamma band**. Activity recorded from T6, C4, F7, and P3 during Phase 2 stimuli presentation.](fnbeh-05-00035-g005){#F5}

Gamma2 showed higher activity in the E group from 0 to 400 ms in the F7 location (Figure [5](#F5){ref-type="fig"}). From 300 to 400 ms left parietal (P3) showed higher activity in the E group and, right central (C4) electrode showed higher activity in the N group (Figure [5](#F5){ref-type="fig"}). From 400 to 500 ms right occipital (Oz, O2) and parietal (P4) showed higher activity in the E group and, prefrontal (Fp1, Fpz, Fp2) electrodes showed higher activity in the N group.

Discussion
==========

This study explored the brain dynamics, through EP and ESP, during the encoding of visual stimuli in either emotionally arousing or neutral contexts.

Arousal, valence and retrieval
------------------------------

Behavioral data replicated previous results that demonstrated higher arousal and lower valence scores for the emotional version of this test (Cahill and McGaugh, [@B9]; Frank and Tomaz, [@B14]; Gasbarri et al., [@B17]; Uribe et al., [@B43]). These results ensure that each group was exposed to the same visual stimuli but in a diverse context. Hence, we can state that any difference in memory performance and in brain activity can be attributed to the emotional context.

Regarding retrieval, our results showed a memory enhancement for items related to the second phase. In line with previous studies (Cahill and McGaugh, [@B9]; Frank and Tomaz, [@B14]; Gasbarri et al., [@B17]), the effect over declarative memory is limited to Phase 2 of the emotional version of this test, in which emotion is delivered.

Evoked potentials
-----------------

Early EP (P1 and N1) have been related to sensory processes and attention (Luck et al., [@B32]; Hillyard and Anllo-Vento, [@B21]; Vogel and Luck, [@B44]). In both auditory and visual domains, it is assumed that these potentials are modulated by the physical characteristics of the stimuli and not by cognition. Some authors differentiate the attentional effect over each potential and suggest that P1 represents the facilitation of the sensory processing for stimuli presented at an already attended location (spatial selective). On the other hand, N1 might represent the orienting response toward task-relevant stimuli (object selective; Luck et al., [@B32]; Hillyard and Anllo-Vento, [@B21]; Herrmann and Knight, [@B20]; Beaucousin et al., [@B3]). However, some authors argue that N1 is also modulated by previous experience and by the semantic category of the stimuli configuring the called "initial visual categorization" phenomenon (Bentin and Golland, [@B5]).

Emotional stimuli (both appetitive and aversive) capture attention (Bradley et al., [@B6]), and attention is also voluntarily directed to them (Schupp et al., [@B39]). Several studies showed greater negativities in early time windows (N1) for emotional compared to neutral stimuli (Schupp et al., [@B39]; Foti et al., [@B13]; Weinberg and Hajcak, [@B45]) reflecting such preferential processing and the initial visual categorization phenomenon.

The results of the present study showed that emotional context modified the brain activity (deeper negativity) evoked from 80 to 140 ms after visual stimuli onset. Nevertheless, pictures in both versions of the test were the same. The differential processing of visual information can only be attributed to the emotional context created by the auditory information. This statement is in agreement with the initial visual categorization phenomenon if we consider that identical images can be interpreted differently depending on their context.

The attention effect over N1 commonly shows a posterior distribution (central, parietal, and occipital; Vogel and Luck, [@B44]; Weinberg and Hajcak, [@B45]), but anterior distribution (central and frontal) has been found too (Vogel and Luck, [@B44]; Töllner et al., [@B42]). In one study using simple or choice-reaction time to visual stimuli, the anterior N1 found was actually a brain potential related to pre-motor activity or preparatory processes (Vogel and Luck, [@B44]). The predictable timing of the pictures in the task was responsible, since an unpredictable onset of the stimuli suppressed the anterior N1. Although in the present study the visual stimuli onsets were predictable, subjects did not perform any motor response. Then, the results suggest that other preparatory processes (e.g., expectancy, arousal) might be increased by an emotional context.

Yet, another study considered the anterior N1 as the neural index of attention during modality shifting (Töllner et al., [@B42]). It demonstrated that the amplitude of the anterior N1 component was higher when the target modality (visual or tactile) changed between trials. It also ruled out any contribution of response-related factors. In the present study, the first of the two appearances of each picture was preceded by the narrative in both versions. If N1 is due only to modality shifting, differences between groups might not appear. If the modality shifting effect was present in one half of the stimuli, we can conclude that the emotional context boosted this effect. Interestingly, the anterior N1 of the modality shifting effect (Töllner et al., [@B42]) had a left lateralized distribution similar to the results of the present study.

Oscillatory activity
--------------------

Growing evidence demonstrates that modulation of the oscillatory brain activity is related to successful memory encoding (Klimesch et al., [@B26]; Axmacher et al., [@B1]; Osipova et al., [@B37]; Jutras and Buffalo, [@B22]; Nyhus and Curran, [@B36]). The results of the present work are consistent with previous studies and demonstrated that changes in theta, alpha, and gamma bands enhance declarative memory.

Theta oscillations
------------------

The amplitude of theta oscillations in the medial temporal lobe predicted the successful encoding of the stimuli (Klimesch et al., [@B26]; Klimesch, [@B24]; Osipova et al., [@B37]). If the timing of stimuli onset is predictable, theta oscillations are higher during the encoding of remembered items even before the stimuli onset (Sederberg et al., [@B40], [@B41]; Guderian et al., [@B19]). This pre-stimuli theta level seems to be an active process that acts independently and in synergy with other cognitive mechanisms that facilitate encoding such as the level of processing, novelty expectancy, spatial location, etc. (Guderian et al., [@B19]).

Theta evoked and induced activity over the left hemisphere was higher in the E group. This wide spread activity is coherent with its role of communicating functionally linked networks from remote locations (Buzsaki and Draguhn, [@B8]; McCartney et al., [@B34]; Axmacher et al., [@B1]; Klimesch et al., [@B29]; Duzel et al., [@B12]; Nyhus and Curran, [@B36]). The stimuli in the present study had a predictable timing and the results showed an increase in theta oscillations even before the stimuli onset, preferentially at frontal locations. This is in line with the hypothesis of top--down modulation of the encoding areas by the frontal executive cortex (Nyhus and Curran, [@B36]). Parietal and temporal theta oscillation might be related to stimuli processing in associative areas of the cortex and encoding in the structures responsible for the episodic memory (medial temporal lobe). However, the precise sources of activity could not be determined with this low-density array of electrodes. The present study design did not allow to discriminate the effects of novelty expectancy and level of processing over theta oscillations. However, we suggest that both of them should be present in an emotional context and that they will subsequently engage attention and enhance memory formation.

The time window of the N1 potential falls within the peak of theta oscillations increase and overlaps at some locations of the scalp. Interestingly, both theta oscillations and N1 have been related to the same processes (Luck et al., [@B32]; Klimesch et al., [@B26]; Hillyard and Anllo-Vento, [@B21]; Klimesch, [@B24]; Bradley et al., [@B6]; Herrmann and Knight, [@B20]; Osipova et al., [@B37]; Beaucousin et al., [@B3]).

Alpha oscillations
------------------

Alpha power decrease has been extensively studied and consistently related to attention and memory encoding (Klimesch, [@B23], [@B24]; Klimesch et al., [@B26], [@B29]). This alpha event related desynchronization (ERD) is accompanied by a reset of alpha phase that lead to an increase in the alpha evoked activity. This is called the alpha paradox (Klimesch et al., [@B28], [@B27]; Herrmann and Knight, [@B20]).

In the extensive work about alpha ERD during memory tasks (preferentially semantic tasks) the called lower alpha (around 6--10 Hz) has been related to expectancy and attention, and showed a widespread distribution over the entire scalp. Note that the results of Theta oscillations (4--7 Hz) described before are in line with the results of the ERD literature. Meanwhile, upper alpha (around 10--12 Hz) showed a more restricted distribution (central and parietal locations) and has been related to semantic processing (Klimesch et al., [@B25],[@B26], [@B30]; Klimesch, [@B24]).

The results of the present study demonstrated that evoked alpha oscillations (10--12 Hz) recorded at P4 were higher at the onset of the stimuli embedded in the emotional context. This frequency band is compatible with the called upper alpha. However, the contribution of semantic processing, that is suggested to be related to upper alpha ERD, has not been searched using this test of emotional memory. Anyway, since this is an episodic memory task, the influence of semantic processing should not be relevant. Additionally, since the ERD literature has focused on the semantic memory tasks it is possible that the encoding of the two declarative memory subtypes displays a hemisphere-specific pattern.

Although spectral perturbations and EP are obtained by different methodologies, both measures are related and could represent similar, or at least, complementary processes (Klimesch et al., [@B24], [@B27]; Herrmann and Knight, [@B20]; Makeig et al., [@B33]). Noteworthy, such changes in the alpha oscillations were restricted to the same location in which the P300 event-related potential was increased during the encoding of the same emotional memory task (Gasbarri et al., [@B16]).

Gamma oscillations
------------------

Gamma oscillations seem to be involved in almost every class of sensory and cognitive functions (Klimesch et al., [@B29]). One study found higher induced occipital gamma activity during the encoding (0.3--1 s after stimuli onset) of later remembered pictures (Osipova et al., [@B37]). Noteworthy, the onset of the pictures in that study was not predictable. With predictable timing, on the other hand, evoked and induced gamma activity increases were related to successful encoding (Sederberg et al., [@B40], [@B41]). The present study found that evoked (0--0.3 s) and induced (0.3--0.5 s) gamma activity present in different loci were higher for Phase 2 items. Evoked gamma activity has been related to expectancy and attention (Freunberger et al., [@B15]). This can be the case of the present study, because all the stimuli had a predictable onset. On the other hand, induced gamma activity is thought to reflect visual information processing (Freunberger et al., [@B15]). Gamma oscillations, both evoked and induced, showed different patterns of activity between E and N groups. As shown by a previous study using common nouns list, the subsequent memory effect can also be related to a decrease of the low gamma activity (\<42 Hz) that coexists with gamma activity increase at other locations (Sederberg et al., [@B41]). Alternatively, our results might be a consequence of the different context that confers diverse meanings to the same picture. It is reasonable to assume that the oriented attention and the perceived characteristics of the stimuli differed between groups. Those differences might account for the frequency, temporal and spatial differences in the gamma activity.

Theta and gamma interaction
---------------------------

Theta activity seems to facilitate communication between distant neural assemblies while gamma activity seems to reflect short-distance synchrony (Buzsaki and Draguhn, [@B8]; Axmacher et al., [@B1]; Jutras and Buffalo, [@B22]; Nyhus and Curran, [@B36]). Both rhythms are intimately associated and their interaction might create the conditions necessary to long-term hippocampus-dependent memory formation (McCartney et al., [@B34]; Jutras and Buffalo, [@B22]). Additionally, the evidence suggests that theta and gamma oscillations interact in order to encode and organize the working memory representations. Extrapolating this concept, it is proposed that this interaction might serve as a working memory buffer for the encoding of episodic memories (Klimesch et al., [@B29]; Nyhus and Curran, [@B36]).

However, this hypothesis still waits for conclusive empirical evidence because the areas that showed increased theta and gamma oscillations do not overlap perfectly (Sederberg et al., [@B40], [@B41]; Osipova et al., [@B37]). Furthermore, to our knowledge, cross-frequency correlation, coherence or another measure of functional connectivity that involve both theta and gamma oscillations have not been explored during the encoding of episodic memory.

Theta and high gamma oscillations were higher during the encoding of Phase 2 stimuli in the emotional context and some areas of the left hemisphere showed increases in both frequency bands at similar time windows. Although functional connectivity was not tested, this partial overlapping suggests the interaction between theta and gamma activities.

We suggest that the stimuli processing within an emotional context is facilitated by mechanisms of expectancy, attention, and sensory processing that are recruited by the context itself, probably through a top--down control. We conclude that similar mechanisms are responsible for the subsequent memory effect for stimuli with emotional content or context. Despite each measure showed a unique pattern of activity related to the functional specialization of the cortical areas, N1, theta and gamma activity overlapped at the left prefrontal, frontal, parietal, and temporal locations. This lateralization is in line with the immense majority of the evidence that link the episodic memory encoding with the left hemisphere.

Taken together, this work does an important contribution to the characterization of the brain dynamics during the encoding of information in the emotional memory task and, by extension, adds new evidence about the brain processing of relevant environmental stimuli.
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